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Abstract: The aim of the study was to determine the influence of posttraumatic enophthalmos in orbital
blow-out fracture on the treatment results. The relationship between time from injury to treatment, type
of surgical reconstruction, bone graft site, type of diplopia and treatment results were evaluated. The
relationship between the location of the fracture and the degree of enophthalmos was also analyzed.
The study included 730 patients, 128 women and 602 men, aged 4 to 77 years, average 28 years, treated
because of orbital blow-out fracture in our Department between 1975 and 2015. The study included only
patients with an isolated orbital floor or medial wall fracture, so-called „pure blow-out” or „internal blow-
out”. Fractures of the lower rim, roof or lateral wall of the orbit, as well as the coexistence of other fractures
of the facial part of the skull, were excluding citeria from the study. Complete recovery in surgically treated
patients was achieved in 405 (58.8%) patients, improvement in 179 (26%) and no improvement in
105 (15.2%) patients. The degree of post-traumatic enophthalmos affects the result of the treatment.
The location of the orbital fracture affects the enophthalmos, in our group of patients the largest incidence
occurred in the fracture located in the orbital floor combined with medial wall. Patients who underwent
surgical treatment up to 14 days after the injury achieved better results than those postponed.
Keywords: enophthalmos, posttraumatic enophthalmos, pure blowout orbital fracture, orbital fracture,
diplopia.
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Introduction
Enophthalmos, defined as distal displacement of the eyeball within the orbit, is the
result of a change in the proportion between the orbit content and its volume [1].
Enophthalmos can be congenital or acquired. Acquired enophthalmos occurs in ca-
chexia, is associated with atrophy of connective tissue and periocular fat, and can also
be caused by medicines. However, the most common cause of enophthalmos is injury.
Apart from double vision and sensory impairment in the infraorbital area, enophthal-
mos is one of the three basic symptoms of an orbital fracture [2, 3].
Enophthalmos can lead to the limitation of eye movement and result in double
vision. According to current knowledge, enophthalmos might be caused by several
factors that can manifest at different times from injury [4–7]. Among the causes of
post-traumatic enophthalmos we can distinguish: an increase in the orbital volume
due to the displacement of its bony limits, herniation of periocular soft tissues outside
the orbit, periocular fat necrosis, especially in trapdoor fractures, displacement of the
eyeball as a result of muscle fibrosis, as well as the process of scar formation and
periocular tissue fibrosis. Enophthalmos also leads to eyelid dysfunction and can
impair tear distribution on the surface of the eyeball.
For over 50 years, since the publication of Converse’s [8] work, there has been
a discussion on the optimal way of the orbital floor fracture treatment, there are
supporters of conservative as well as surgical treatment [9–14]. The optimal time
from injury to surgical treatment has not been clearly defined [15, 16]. Urgent
surgical intervention in orbital floor fracture is necessary in case of oculo-cardiac
reflex, mainly in children, as well as in open fractures, with penetrating wounds of
the soft tissues or in a developement of retrobulbar hematoma with optic nerve
compression [17, 18]. Post-traumatic edema of the soft tissues can mask enophthal-
mos, at the same time causing diplopia, which is why some authors suggest to
postpone surgical treatment and determine indications for surgery about 7 days
after the injury [15, 16, 19].
Material and Methods
Retrospective analysis of medical records of 730 patients (128 women, 602 men) aged
4–77 years (average 28.8 years), treated in our Department because of the orbital
fractures between 1975 and 2015 was performed. Data was collected regarding the
cause of injury, fracture location, fracture type, clinical symptoms including
enophthalmos, type of diplopia, time from injury to surgical treatment, treatment
method, and result of treatment. The study included only patients with an isolated
fracture of the floor and/or medial wall of the orbit, the so-called “pure blow-out
fracture” or “internal blow-out fracture”. Concomitant fractures of the lower rim, roof
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or lateral wall of the orbit, and coexistence of any other fractures of the facial part of
the skull were excluding criteria from this study. To assess the type of double vision of
patients treated in our Department, the Krzystkowa classification was used. This
classification differentiates five types of diplopia, depending on the area of double
vision: type 1 — diplopia in up gaze, type 2 — diplopia in up and down gaze, type 3 —
diplopia in up gaze and on straight, type 4 — diplopia on straight and down gaze, type
5 — diplopia in the whole area of view. Patients were examined by an ophthalmologist
using orbital chart, designed in the 1970s as a result of cooperation between our
Department and the Department of Ophthalmology of our University. Ophthalmo-
logical examination was carried out after the injury, after surgery, before the patient
was discharged home and then one month after the surgery. Depending on the in-
dications, subsequent control examinations were carried out every 1–3 months. The
follow up time was from 1.5 month to 18 months after surgery.
The comparison of quantitative variable values in two groups was performed using
the Mann–Whitney test. Comparison of quantitative variable values in three or more
groups was performed using the Kruskal–Wallis test. After detecting statistically sig-
nificant differences, post-hoc analysis was performed using Dunn’s test to identify
statistically significantly different groups. The analysis adopted the significance level
of 0.05, so all p-values below 0.05 were interpreted as indicating significant relation-
ships. The analysis was performed in the R program, version 3.6.2. R Core Team
(2019). R: A language and environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria. URL https://www.R-project.org/.
The indications for surgery were as follow: persistent post-traumatic diplopia,
reduced mobility of the eyeball and enophthalmos above 2 mm compared to the
healthy side. Despite these generally accepted indications, each case was treated in-
dividually, and indications for surgery were assessed several days after the injury, after
soft tissue edema or coexisting intraocular injuries subsided.
Surgical procedures were performed under general anesthesia, transconjuncti-
val retroseptal approach was an access of choice, although subcilliary approach was
also used, and in the case of infraorbital wounds, access through the wound was
used. Subperiosteal revision of the orbital floor and medial wall was performed.
Depending on the intra-operative image, release of herniated periocular tissues or
tissue release with orbital reconstruction using autogenic bone graft harvested from
the anterior wall of the maxillary sinus, iliac bone, frontal bone, parietal bone, or
temporal bone was performed. The wound of the conjunctiva was closed by resorb-
able sutures, skin wounds were sutured with 5.0 or 6.0 nylon stitches. Depending on
the clinical image and preferences of the surgeon during and after the procedure, 6–
12 mg of dexamethasone was administered intravenously. Perioperative antibiotic
prophylaxis was used. There were folowing criteria of recovery and improvement:
recovery — 0–1mm of enophthalmos, lack of dipopia, full passive eye movements,
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improvement — decrease of degree of enpohthalmos after surgery, decrease in the
area of double vision after surgery, improvement of eye movements after surgical
treatment.
Results
The most common cause of orbital floor fractures in our group of patients was assault
and accidental impact in the orbital area.
The most common site of the fracture was the orbital floor followed by floor and
medial wall.
The relationship between fracture location and post-traumatic enophthalmos was as-
sessed. A statistically significant relationship was found. In the group of patients with the
orbital floor and medial wall fracture, the enophthalmos was greater than in other locations.
The relationship between the reduction of enophthalmos and the reduction of
posttraumatic diplopia was assessed. No statistically significant relationship was
found. There was a noticeable tendency that reduction of enophthalmos resulted in
a reduction of post-traumatic diplopia. The specific causes of the injury, all of the
locations of the fracture, relationship between fracture location and post-traumatic
enophthalmos and relationship between the reduction of enophthalmos and the re-
duction of posttraumatic diplopia are presented in Table 1.
Table 1.Characteristics of the study group.
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The relationship between time from injury to surgical treatment and treatment
result was assessed, a significant statistical relationship was found (p <0.001). In the
group with complete recovery, the time from injury to treatment is significantly lower
than in the group with improvement and in the group with no improvement, the
shorter the time from injury to treatment, the better the treatment results. The results








Medial wall 9 (1.3)







Reduction of posttraumatic diplopia
Yes (N = 424)
No (N = 265)
P = 0.129
Table 2.The results of treatment depending on: time from injury to surgical treatment, bone graft
donor site and type of posttraumatic diplopia.
Result
of treatment























N = 40 (%)
Complete
recovery
8 (66.67) 83 (69.17) 175 (64.34) 112 (53.33) 14 (40.00) 13 (32.50) P <0.001
Improvement 3 (25.00) 25 (20.83) 63 (23.16) 63 (30.00) 8 (22.86) 17 (42.50)
No
improvement
1 (8.33) 12 (10.00) 34 (12.50) 35 (16.67) 13 (37.14) 10 (25)
Bone graft donor site
Iliac bone
N = 120 (%)
Skull
N = 141 (%)
Anterior wall
of maxillary sinus
N = 328 (%)
Complete
recovery
67 (55.83) 50 (35.46) 236 (71.95) P <0.001
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The result of enophthalmos treatment was evaluated. A highly statistically signifi-
cant relationship was found between the size of the enophthalmos after injury and the
outcome of the treatment. The analysis showed that the lower the enophthalmos,
the better the prognosis. The results are shown in Table 3.
The influence of the type of surgical procedure on the effect of enophthalmos treat-
ment was also assessed. In the group of patients in which the bone reconstruction was
performed, the enophthalmos after injury was higher than in the group in which the
release of tissues was used. The decrease of enophthalmos was significantly higher in
the group in which bone graft reconstruction was performed. Results are presented in
Table 4.
Improvement 28 (23.33) 51 (36.17) 67 (20.43)
No
improvement













N = 38 (%)
Type 4






54 (80.60) 94 (77.69) 70 (58.82) 17 (44.74) 27 (58.70) 59 (42.45) P <0.001
Improvement 9 (13.43) 15 (12.40) 27 (22.69) 19 (50.00) 11 (23.91) 47 (33.81)
No
improvement
4 (5.97) 12 (9.92) 22 (18.49) 2 (5.26) 8 (17.39) 33 (23.74)
Table 2.Cont.




Result of treatment p
Complete recovery
(N = 416) — A
Improvement
(N = 187) — B
No improvement
(N = 106) — C
average ± SD 1.23 ± 1.02 1.76 ± 1.23 1.69 ± 1.57 P <0.001
median 1 2 1
quartiles 0–2 1–3 1–2 B,C >A
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Another parameter assessed was the influence of the donor site of autogenous
bone graft on the outcome of the treatment. A statistically significant relationship was
found. The greatest reduction of enophthalmos was achieved in the group of patients
whose orbital floor was reconstructed with an anterior maxillary sinus wall transplant.
The results are shown in Table 2.
The results of treatment were also assessed depending on the type of diplopia, the
best prognosis is related to double vision in up gaze (type 1) — recovery was obtained
in 77.69% of patients, the lowest percentage of recovery occurred in the group of
patients with diplopia in the whole scope of view (type 5) — 42.45%. The results are
presented in Table 2.
Discussion
Enophthalmos is one of the three basic symptoms of an orbital floor fracture, the so-
called triad of symptoms is complemented by double vision and sensory impairment
in the area innervated by the infraorbital nerve [2, 3]. Enophthalmos is the result of
a change in the ratio of the orbital volume to its content and, in addition to aesthetic
disorders, can lead to functional disorders in the form of double vision, eyelid dys-
function and the disorder of distribution of tears on the surface of the eye and their
passage to the nasal cavity [1]. The goal of treatment in the orbital blow out frature is
to restore full passive eye movement and single vision, by restoring the correct posi-
tion of the eye in the orbit.
Various methods of orbital reconstruction have been described to improve the
position and decrease enophthalmos of the eyeball [20–23]. The choice of the method
of reconstruction depends on the type and extent of fracture, enophthalmos, condition
of the donor site of the bone graft, patient’s age, surgeon’s experience and preferences.
Literature describes many types of materials that can be used to reconstruct the orbital
floor [24–26]. Methods with the use of autogenic and foreign materials can de dis-
tinguished. Among foreign materials, resorbable and non-resorbable materials (sili-
cone, polyethylene, titanium implants) are commonly used, these implants are easily
Table 4.The relationship between surgical procedure and the decrease of enophthalmos.
Decrease of enophthalmos [mm]




struction (N = 589)
average ± SD 0.68 ± 0.68 1.01 ± 0.99 P = 0.003
median 1 1
quartiles 0–1 0–2
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available, in some cases allow to achieve good treatment results, their use allows to
avoid traumatisation of the bone graft donor site [23]. These materials have also
disadvantages, such as the possibility of infection, displacement in the orbit or even
protrusion from the orbit. According to Kang [20], resorbable implants should main-
tain primary mechanical strength for 1 to 2 years after surgery to properly support the
eyeball and allow the formation of a tissue scar that will be able to support the eyeball
after resorption of the material. There are opinions that resorbable materials tend to
bend and change their position, especially in the case of large bone defects, in addi-
tion, these materials are usually thin, they do not always provide adequate reconstruc-
tion of the shape of the bone defect and thus lead to an insufficient reduction of the
enophthalmos in prolonged observation [26]. In the case of resorbable materials, the
tissue scar may not be strong enough to permanently maintain the correct position of
the eyeball, resulting in a recurrence of the enophthalmos [21]. The main advantage of
resorbable materials is the fact, that they leave no foreign body in reconstructed orbit.
Nowadays reconstruction with the use of CT image mirroring of the healthy orbit
becomes more common. The use of CAD/CAM technologies becomes more popular
in everyday work. Possibility of designing patients’ specific implants or printing in-
dividual templates for harvesting bone grafts gives surgeons a great tool to improve
the outcome of treatment. Thanks to computer assisted surgery, procedures become
less time consuming, use of patients’ customized implants or templates allows more
accurate reconstructions of bony damage and restore correct position of the eyeball in
the orbit to decrease the level of posttraumatic enophthalmos.
Various methods of orbital floor reconstruction with the use of autogenous ma-
terials have been described, among them: bone transplantation, cartilage transplanta-
tion (e.g. harvested from nasal septum, cartilaginous part of the ribs), fat tissue graft-
ing into the apex of the orbit [23]. The main advantage of autologous bone graft is that
it may be harvested from many donor sites, is easily available, resorption rate is lower
than cartilage and is strong enough to give a proper support for the eyeball and
periocular tissue. According to Choi [21], bone graft from the iliac bone allows to
collect a large amount of bone material for orbital reconstruction and reduction of
enophthalmos, however due to its uneven and rough surface, it may be more difficult
to fit bone defect compared to a transplant e.g. from parietal bone. Necessity of
creating another wound, morbidity of the donor site, time consumed for graft harvest-
ing, sometimes with involvement of second surgical team are the dissadvantages of
bone grafts. In the authors’ opinion, autogenous bone transplantation is the method of
choice in the case of orbital floor fracture with bone defect. In our Department bone
grafts are successfully used to reconstruct the orbital floor and restore proper position
of the eyeball. The most commonly used is the bone graft from the anterior wall of the
maxillary sinus, it is easy to process and thanks to its shape can be easily adapted to the
bone defect, harvesting procedure is simple and quick. There are no significant com-
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plications at the donor or recipient site, it provides good and stable support for the
eyeball. The authors also successfully use bone grafts from the iliac bone or parietal
bone, especially in cases of more extensive defects or greater enophthalmos. The
obtained results of treatment speak for the effectiveness of this method. While the
graft is harvested from the skull, there is a risk of exposure of the dura mater, in our
group of patients these were single cases. The use of autogenic material, unlike im-
plants, does not entail additional costs.
In the literature one might find opinions [14] that retroseptal transconjunctival
approach can lead to entropion, in our group of patients entropion occurred spor-
adically and completely disappeared after massage up to 2 months after the surgery. In
contrary the use of subcilliar incision resulted more often in ectropion, which also
perished after massage of the eyelid. The lack of visible scars, good insight into the
operating field, and the lack of significant and permanent complications indicate that
retroseptal transconjunctival approach can be regarded as an access of choice to
orbital floor fractures.
There is an ongoing discussion about the optimal time from injury to surgical
treatment. There are supporters of conservative treatment, arguing that even in 85% of
patients treated conservatively, diplopia decreases or disappears over time [11, 12].
Among supporters of surgical treatment the opinion prevails that the earlier the
surgical procedure is performed, the better the prognosis [9, 16, 17]. Given the clinical
image immediately after the injury, i.e. swelling of soft tissues, often with closure of
the eyelid fissure, presence of ocular hematoma, very often immediately after the
injury it is not possible to carry out an accurate clinical examination, determining
the indications for surgical intervention. In view of the above, it seems rational to
postpone the decision for surgical intervention for several days after the injury, until
the swelling of soft tissue subside. After this time, accurate assessment of double vision
and enophthalmos can be performed, and transconjunctival access procedure can be
safely introduced. According to some authors, surgical treatment performed within
several days after injury can prevent permanent changes of the soft tissues of the orbit
as a result of ischemia and fibrosis [16]. In 2002 Burnstine [27] after analyzing the
literature, recommended surgical treatment up to 14 days after the accident. In our
group of patients, the best treatment results were obtained in patients operated on up
to 30 days after the injury, which is consistent with results of other authors, it seems
that this time is the golden standard for typical orbital fractures, without oculo-cardiac
reflex, retrobulbar hemoatoma with optic nerve compression or penetrating wounds
in the orbital area.
Nevertheless, in the authors’ opinion, the decision for surgical treatment depends on
many factors, such as the clinical image, CT imaging results, the presence of systemic
diseases, the presence of intraocular injuries, therefore each case requires an individual
approach to determine the best treatment without dogmatic adherence to the schemes.
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In our group of patients cases requiring urgent intervention (oculo-cardiac reflex in the
orbital fracture in children) were not reported. The diagnostic path of the patient from
the injury to the treatment unit is not without significance, in our group of patients we
can notice a clear reduction in the time of patients’ report after fracture of the orbital
floor for treatment in our Department over the last 40 years.
Conclusions
The size of post-traumatic enophthalmos affects the result of the treatment. The
location of the orbital floor fracture affects the enophthalmos, in our group of patients
the largest incidence occurred in the fracture located in the orbital floor and medial
wall. Patients with surgical treatment up to 14 days after the injury achieved better
results than those postponed. Although number of authors advocating for the use of
synthetic or titanium implants in the reconstruction of the orbit is growing, our
40 years experience shows that bone grafts are reliable and efficient way of recon-
structing defects in orbital fractures.
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